
United States Patent [191 
Frankel et a1. 

[11] Patent Number: 

[45] Date of Patent: 
4,853,252 

Aug. 1, 1989 

[54] METHOD AND COATING MATERIAL FOR 
APPLYING ELECTRICALLY CONDUCI'IVE 
PRINTED PATTERNS TO INSULATING 
SUBSTRATES 

[75] Inventors: Juergen Friinkel, Baldham, Fed. Rep. 
of Germany; Antoon Mattelin, 
Oostkamp; Pol Pecceu, Brugge, both 
of Belgium; Ferdinand Quella, 
Neubiberg; Hans-Fr. Schmidt, 
Eurasburg, both of Fed. Rep. of 
Germany; Luc Boone, Oostkamp, 
Belgium; Sybille Von Tomkewitsch, 
Poecking, Fed. Rep. of Germany; 
Marc De Vogelaere, Zedelgem, 
Belgium 

[73] Assignees: Siemens Aktiengesellschaft, Berlin 
and Munich; Michael Huber GmbI-I9 
Heimstetten, both of Fed. Rep. of 
Germany 

[21] Appl. No.: 128,186 
[22] Filed: Dec. 3, 1987 

[30] Foreign Application Priority Data 
Dec. 17, 1986 [DE] Fed. Rep. of Germany ..... .. 3643130 

[51] 1111. C14 ....................... .. B051) 3/06; BOSD 5/12; 
c251) 5/02 

[52] U.S. c1. ................................ .. 427/531; 106/121; 
204/38.4; 427/98; 427/1265; 427/4431 

[58] Field 01' Search ..................... .. 427/531, 304-306, 
427/96, 98, 443.1, 126.5; 106/121; 204/15, 38.4 

[56] References Cited 
U.S. PATENT DOCUMENTS 

3,674,515 7/1922 Kelemen .......................... .. 106/ 1.21 

4,486,463 12/1984 Rubner et al. ................... .. 427/53.1 
4,574,095 3/1986 Baum et al. .. 
4,716,059 12/1987 Kim .............................. .. l06/l.21 X 

FOREIGN PATENT DOCUMENTS 

2250318 9/1972 France . 
2160070 11/1972 France . 
8403586 9/1984 PCT Int’l Appl. . 

OTHER PUBLICATIONS 

German Periodical Galvanotechnik 77 (1986), No. 1, 
pp. 51-60. 
IBM Technical Disclosure Bulletin, vol. 15, No. 5, Feb. 
1973, p. 2855. 

Primary Examiner-Michael Lusignan 
Attorney, Agent, or Firm—I-Ii1l, Van Santen, Steadman & 
Simpson 
[57] ABSTRACT 
A method and coating material for applying electrically 
conductive printed patterns to insulating substrates is 
provided. The coating material includes a non-metallic, 
grainy carrier substance having metal of the oxidation 
degree 0 applied thereto. An energy radiation source, 
particularly of a deflectable laser beam, is used to secure 
anchoring of the carrier substance to the substrate in the 
region of the desired printed pattern. As a consequence 
of a three-dimensional arrangement of the metal, a 
three-dimensional nuclei distribution is produced that 
leads to a reliable and fast metallization of the printed 
pattern on the basis of chemical metal deposition. The 
method of the invention is especially suited for laser 
pattern transfer for the manufacture of printed circuit 
boards. 

49 Claims, 2 Drawing Sheets 
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METHOD AND COATING MATERIAL FOR 
APPLYING ELECTRICALLY CONDUCI'IVE 
PRINTED PATTERNS TO INSULATING 

SUBSTRATES 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a method 
of applying electrically conductive printed patterns to 
electrically insulating substrates. More particularly, the 
present invention relates to a method of applying elec 
trically conductive printed patterns, particularly con 
ductor patterns, to electrically insulating substrates, 
whereby a metal-containing coating agent is transferred 
onto the substrate in an arrangement corresponding to 
the printed pattern to be generated. The coating agent is 
transferred under the in?uence of energy radiation, and 
is chemically metallized. The present invention also 
relates to a metal-containing coating agent for the appli 
cation of such printed patterns to electrically insulating 
substrates. 
German periodical “Galvanotechnik” 77 (1986) No. 

1, pages 51 through 60, discloses a method for applying 
conductor patterns to electrically conductive (SIC) 
substrates wherein the transfer of the conductor pattern 
is undertaken with the assistance of a laser. To this end, 
adhesive-coated epoxy resin base material is employed 
as a substrate. This substrate is subjectedv to pretreat 
ment with S03 vapor phase etching with a NH3 etching 
stop for roughening the adhesive. A Cr (III) photosensi 
tizer which contains chrome (III)-chloride, sodium 
oxalate and palladium (ID-chloride, for example, is then 
applied to the substrate as a metal-containing coating 
agent. Pd nuclei is generated in the region of the con 
ductor pattern in the following laser image transfer, 
these Pd nuclei enabling a chemical or galvanic thick 
copper-plating after a'premetallization with Ni-P and a 
heat treatment at 100° to about 120° C. Due to a thick 
copper-plating in copper baths working without exter 
nal current and given longer exposition times, disocia 
tions of the adhesive layer from the base material can 
occur so that the deposited interconnects lose their 
adhesive foundation. 
“IBM Technical Disclosure Bulletin”, Vol. 15, No. 9, 

February 1973, page 2855, discloses a method for apply 
ing conductor patterns to ceramic substrates. The 
method includes applying to a green ceramic substrate a 
metal-containing thermoplastic powder that is subse 
quently exposed to a laser beam in accord with the 
desired conductor pattern. The laser beam melts the 
thermoplastic powder embedding and adhering the 
metal particles to the ceramic substrate. Remaining 
metal-containing powder that was not exposed to the 
laser beam can then be removed with an air jet. 
These prior methods have not been entirely satisfac 

tory. In producing conductor patterns on a substrate, 
numerous considerations must be taken into account. It 
is desirable to reduce the exposition time. Further, it is 
necessary for the electrically conductive pattern to be 
suf?ciently anchored. Some previous methods of pro 
ducing conductor patterns on a substrate have not been 
entirely satisfactory because they utilize decomposition 
reactions that produce environmental pollution. Some 
previous methods of producing these conductor pat 
terns suffer the disadvantage of being costly. 
There is therefore a need for an improved method of 

producing conductor patterns on a substrate, as well as 
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2 
an improved metal-containing coating agent for the 
application of such printed patterns of a substrate. 

SUMMARY OF THE INVENTION 

The present invention provides an improved method 
for applying electrically conductive printed patterns, 
particularly conductor patterns, to electrically insulat 
ing substrates. The method enables a simple transfer of 
the printed pattern and, particularly in the manufacture 
of printed circuit boards, guarantees the production of 
extremely ?ne conductor structures having an adequate 
adhesive foundation. The present invention further 
provides a metal-containing coating agent suitable for 
being applied to substrates to create a desired conductor 
pattern. 

In an embodiment of the present invention, the coat 
ing material comprises a non-metallic, grainy carrier 
substance with metal of the oxidation degree 0 applied 
thereon. 
The present invention is based, in part, on the discov 

ery that the decomposition of metallo-organic com 
pounds, induced by energy radiation, can be avoided by 
employing metal of the oxidation degree 0, insofar as 
the metal can be prepared in a way that is suitable for 
the transfer of the printed pattern and for the ?rm an 
choring on or in the substrate. This preparation of metal 
having the oxidation degree 0 ensues by utilizing a non 
metallic grainy carrier substance on which the metal is 
applied in a ?nely distributed form. Such carrier sub 
stances for metals of the oxidation degree 0 are known 
and are referred to as carrier catalysts which, for exam 
ple, are utilized by hydration or dehydration. In the 
manufacture of such carrier catalysts, catalytic metals 
such as platinum, palladium, and nickel are precipitated 
on catalyst carriers such as activated carbon, diatoma 
ceous earth, bentonite, kaolin, silica gel, aluminum ox 
ide, and pumice stone. Commercially available carrier 
catalysts generally contain between approximately 0.5 
to about 60 weight percent metal. 
As a result of utilizing the coating agent of the present 

invention, a three-dimensional distribution of the metal 
nuclei is produced on the substrate. This three-dimen 
sional distribution promotes chemical metallization and 
considerably reduces the exposition times in the corre 
sponding baths working without external current. Fur 
ther, the grainy carrier substances of the coating agent 
of the present invention afford a very good anchoring in 
the substrate which is controllable through the use of 
energy radiation. The anchoring guarantees an excel 
lent adhesive foundation for the interconnects in, for 
example, the manufacture of printed circuit boards. 
The present invention provides as a further advan 

tage reduced environmental pollution due to the elimi 
nation of the previously required decomposition reac 
tions. The present invention also affords a more eco 
nomical process for applying electrically conductive 
printed patterns to substrates due to the simpli?cation of 
the process, and the ability to process the coating mate 
rial in liquid form. The ability to process the coating 
material in liquid form is achieved because the metals 
bonded to the carrier substances can be dispersed very 
well in liquids and lead to stable liquid coating agents. 
The present invention also provides a metal-contain 

ing coating agent for applying electrically conductive 
printed patterns, particularly conductor patterns to 
electrically insulating substrates. The metal, in the met 
al-containing coating, is in the oxidation degree 0 and is 
applied to a non-metallic, grainy carrier substance. The 
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above stated advantages are achieved by employing the 
coating agent of the present invention in the pattern 
transfer with energy beams. 
The method and coating agent of the present inven 

tion fundamentally enables a multitude of processing 
and transfer forms. Thus, the coating agent can be uti 
lized in solid form as a powder with or without a bond 
ing agent, in a liquid form, or in the form of a foil to be 
applied to the surface of a substrate. The foil can be 
composed only of the coating agent or can be composed 
of the coating agent and of an auxiliary carrier. If a foil 
is used, the transfer of the printed patterns with the foil 
can proceed, for example, as set forth in French Pub 
lished Application No. 2 250 318. 

Pursuant to the method of the present invention, the 
printed patterns can be transferred, through the use of 
energy radiation, in a variety of manners. In addition to 
the utilization of masks, dies and the like, the printed 
patterns can also be produced by relative movements 
between energy beam and substrate. It should be noted 
that the term “transfer of printed patterns” includes the 
surface-wide metallizations of substrates. In this em 
bodiment, subtractive techniques can also be utilized. 

Additional features and advantages of the present 
invention are described in, and will be apparent from, 
the detailed description of the presently preferred em 
bodiments and from the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a schematic representation of an 
embodiment of the method of the present invention. 
FIG. 2 illustrates a cross-sectional perspective view 

of the coating agent of the present invention applied to 
the substrate. 
FIG. 3 illustrates a cross-sectional perspective view 

of the substrate of FIG. 2 having the carrier substance 
of the coating agent anchored therein. 
FIG. 4 illustrates a cross-sectional perspective view 

of the conductor pattern transferred via the steps illus 
trated in FIGS. 2 and 3 and anchored in the substrate. 
FIG. 5 illustrates a cross-sectional view of the con 

ductor pattern of FIG. 4 following a chemical and gal 
vanic metallization. 
FIG. 6 illustrates a cross-sectional perspective view 

of an embodiment of the present invention wherein the 
coating agent contains a hot-melt adhesive as a bonding 
agent. 
FIG. 7 illustrates across-sectional perspective view of 

the anchoring of the conductor pattern in the substrate 
of FIG. 6. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

The present invention provides an improved method 
for applying electrically conductive printed patterns to 
insulating substrates The present invention also pro 
vides a coating material for applying electrically con 
ductive printed patterns to insulating substrates. 
FIG. 1 illustrates a highly simpli?ed, schematic illus 

tration of the present invention for transferring a con 
ductor pattern onto a substrate. The substrate S can be, 
for example, composed of a thermoplastic synthetic. 
The illustrated substrate S is a portion of the base mate 
rial for an injection molded printed circuit board. High 
ternperature-resistant thermoplastics such as for exam 
ple, polyetherimide, polyethersulfone, polyphenylene 
sul?de, and liquid crystal polymers are particularly 
suitable as materials for such base materials. 
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4 
Pursuant to the method of the present invention, a 

coating agent is applied to the surface of the substrate S. 
The coating agent includes a grainy carrier substance T 
that is indicated by tiny dots in FIG. 1. In an embodi 
ment of the present invention, preferably, the coating 
agent is applied to the surface of the substrate S in a 
layer thickness of approximately 4 microns. 
As illustrated, a laser La is utilized as an energy beam. 

The laser La generates a laser beam L in whose beam 
path a photographic shutter Fv, a ?rst rotatable deflect 
ing mirror Asx of a de?ection optics A0, a second rotat 
able de?ecting mirror Asy of the de?ection optics A0, 
and an objective 0 are successively arranged. The mir 
rors Asx and Asy function to focus the laser beam onto 
the surface of the substrate S. The position of the sub 
strate S is determined with reference to a planar, Carte 
sian x, y coordinate system. Accordingly, the ?rst de 
?ecting mirror Asx of the de?ection optics Ao func 
tions to de?ect the laser beam L in the horizontal direc 
tion x; this is indicated in FIG. 1 by arrows x’. The 
second de?ecting mirror Asy of the de?ection optics 
Ao functions to de?ect the laser beam L in the vertical 
direction y; this is indicated in FIG. 1 by arrow y’. 
To control the de?ecting mirrors Asx and Asy, a 

microcomputer Mc that has an input E is utilized. The 
microcomputer Mc therefore determines the conductor 
pattern to be produced on the substrate. The lines for 
the control of the de?ecting mirrors Asx and Asy are 
indicated by Lex and Ley, respectively. The microcom 
puter Mc also controls the photographic shutter Fv; this 
is indicated by a corresponding line Le. 
A variety of lasers La can be utilized in the present 

invention. For example, the laser La can be a C0; laser 
which is utilized in continuous wave mode or which can 
also be electronically pulsed, whereby the mean power 
lies between approximately 0.5 watts to about 8 watts. 
The laser La can also be, for example, a Nd-YAG laser 
having a mean power between approximately 0.2 watts 
to about 50 watts. The focussing of the laser beam L is 
adjustable, whereby the diameter of the laser beam L at 
the substrate surface can be set to diameters of between 
approximately 50 microns to about 400 microns. 
For transferring the conductor pattern to the sub 

strate S, printing ink applied thereto is swept by the 
laser beam L, in accord with the interconnect con?gu 
ration input, into the microcomputer Mc via the input 
E. The trace of the laser beam L in the transfer of the 
conductor pattern is illustrated in FIG. 1 as intercon 
nect Lb. Further details of the transfer of conductor 
patterns through the method of the present invention 
will now be set forth in greater detail below with refer 
ence to FIGS. 2 through 5. 
FIG. 2 illustrates a highly simpli?ed, schematic illus 

tration of a substrate S on whose surface the individual 
particles of the carrier substance T of the coating agent 
are uniformly distributed. As illustrated, the coating 
agent includes individual particles of metal M that are 
carried by the surface of the carrier substance T. Prefer 
ably, the carrier substance T is: activated carbon; con 
ductive lamp black; calcium carbonate; diatomaceous 
earth; bentonite; kaolin; plastic; silica gel; aluminum 
oxide; titinium oxide; or pumice stone—either alone or 
in combination. Preferably, the metal M is chosen from 
the group of precious metals. In an embodiment, the 
metal is a precious metal alloy with a non-precious 
metal selected from the group consisting of: lead; zinc; 
nickel; tin; and copper. 
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As stated above, a laser beam L is used to create the 
conductor pattern on the substrate. To this end, the 
laser beam L is guided over the surface of the substrate 
S in the conductor pattern desired to be produced. The 
laser beam L creates a super?cial melting of the sub 
strate. As illustrated in FIG. 3, this melting effects a 
secure anchoring of the carrier substance T in the re 
gion of the desired conductor image. 

After the melting by the laser beam L, non-anchored 
carrier substance T is removed by brushing, spraying, 
or rinsing in an ultrasound bath or the like. Accord 
ingly, as illustrated in FIG. 4, only anchored carrier 
substance T in the region of the conductor pattern to be 
produced remains on the substrate S. After removal of 
the non-anchored carrier substance T, the particles of 
metal M, present in a three-dimensional distribution on 
the anchored carrier substance T, serve as nuclei for the 
chemical metallization of the conductor pattern exe 
cuted without external current. Therefore, the conduc 
tor pattern can be completely constructed by chemical 
metal deposition or by chemical and subsequent gal 
vanic metal deposition. 
FIG. 5 illustrates the construction of the conductor 

pattern by chemical and subsequent galvanic metal 
deposition. In FIG. 5, the chemically deposited metal is 
referenced by CM and the galvanically deposited metal 
is referenced by GM. In an embodiment of the present 
invention, preferably, copper is utilized for the chemi 
cally and galvanically deposited metals CM and GM, 
respectively. 
FIGS. 6 and 7 illustrate another embodiment of the 

method of the present invention. In this embodiment, 
the carrier substance T is saturated with a hot-melt 
adhesive as the bonding agent. This bonding agent then 
melts under the in?uence of the laser beam L and, as 
illustrated in FIG. 6, leads to a gluing of the carrier 
substance T to the surface of the substrate S. 

In this embodiment, preferably a thermoplastic syn 
thetic is again utilized as the substrate S. A heat-treat 
ment can be carried out after the removal of the un 
glued carrier substance T. This heat-treatment, as illus 
trated in FIG. 7, leads to a fusing into the substrate 
surface and an even better anchoring of the carrier 
substance T in the region of the desired conductor pat 
tern. 
By way of example, microwaves can be used for the 

heat-treatment step. Polar polymers having a high di 
electric constant have been found to function satisfacto 
rily as the bonding agent with microwaves. When polar 
polymers with a high dielectric constant are utilized as 
the bonding agent, the microwaves will only in?uence 
the substrate. Accordingly, with microwaves a defor 
mation of the substrate occasioned by the heat-treat 
ment can be reliably suppressed. 

Preferably, the bonding agent comprises at least one 
compound chosen from the group consisting of: poly 
amides; polyimides; colophonium resins; hydrocarbon 
resins; ketone resins; polyvinylether; maleic resin; and 
polyvinyl buteral. In an embodiment of the method of 
the present invention, preferably, polyamide and poly 
imide are utilized as the polar polymers for the bonding 
agent to be treated with microwaves. 
By way of example, and not limitation, examples of 

the method and coating of the present invention will 
now be given. 
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6 
EXAMPLE 1 

A coating agent in accordance with the present in 
vention was made as follows. A carrier catalyst com 
posed of activated carbon having palladium applied 
thereto was utilized. Approximately 10 weight percent 
palladium was distributed on approximately 90 weight 
percent activated carbon. The activated carbon having 
the palladium applied thereto was present in ?ne 
grained form. Approximately 30 percent of the grains 
had a grain size below 10 microns; approximately 85 
percent of the grains had a grain size under 50 microns; 
and approximately 98 percent of the grains had a grain 
size under 100 microns. 
The coating agent manufactured therewith contained 

the following constituents: approximately 30 weight 
percent activated carbon plus palladium; approximately 
2 weight percent yellow pigment; approximately 25 to 
about 30 weight percent bonding agent; approximately 
1.5 weight percent of a thixotroping agent; and the 
remainder of the coating agent consisted of a solvent. 
Although ethanol was used as the solvent, the solvent 
can include at least one organic solvent chosen from the 
group consisting of: alcohols; esters; ketones; and hy 
drocarbons both aliphates and aromatics. A mixture of 
maleic resin and polyvinyl butyral was used as the 
bonding agent. 
The coating agent described above, was applied to a 

substrate of polyethersulphone by immersion. The 
transfer of a conductor pattern was carried out utilizing 
the process illustrated in FIG. 1 with the assistance of a 
laser beam. Subsequently, the excess coating agent was 
removed in an ultrasound cleaning bath utilizing isobu 
tyl methylketone as the cleaning fluid. The conductor 
pattern was then built up through copper deposition 
working without external current. The copper was built 
up to a layer thickness of approximately 2 microns. The 
conductor pattern was then built up through galvanic 
copper deposition, being built up therewith to a layer 
thickness of approximately 33 microns to produce an 
electrically conductive printed pattern on the substrate. 

EXAMPLE 2 

In this example, the steps and procedures set forth 
above for example 1 were carried out except the acti 
vated carbon with the palladium applied thereto was 
replaced by a ?ner-grained substance of carbon with 
palladium having a mean grain size of about 4 microns. 
The resultant coating agent was then applied to the 
substrate by being sprayed on the substrate to a layer 
thickness of approximately 4 to about 5 microns to 
produce an electrically conductive printed pattern on 
the substrate. 

EXAMPLE 3 

In this example, the steps and procedures set forth in 
example 2 above were followed except calcium carbon 
ate was substituted for the activated carbon in the coat 
ing agent. 

EXAMPLE 4 

In this example, the steps and procedures set forth in 
example 2 above were followed except the ratio of the 
activated carbon to palladium in the coating agent was 
modified. Instead of the weight ratio of approximately 
10 weight percent palladium to approximately 90 
weight percent activated carbon, approximately 97 



4,853,252 
7 

weight percent of activated carbon was utilized as the 
carrier to approximately 3 weight percent of palladium. 

EXAMPLE 5 

In this example, the steps and procedures set forth in 
example 3 were followed, however, the weight ratio of 
calcium carbonate to palladium wa modi?ed. Instead of 
the weight ratio of approximately 10 weight percent 
palladium to approximately 90 weight percent calcium 
carbonate, approximately 97 weight percent of calcium 
carbonate served as the carrier for approximately 3 
weight percent palladium. 

EXAMPLE 6 

In this example, the steps and procedures of example 
4 were followed except platinum was substituted for the 
palladium used in the coating agent of example 4. 

EXAMPLE 7 

In this example, the steps and procedures of example 
5 were followed except platinum was substituted for the 
palladium used in the coating agent of example 5. 

EXAMPLE 8 

In this example, the steps of example 1 were followed, 
however, after the removal of the excess coating agent 
an after-treatment in an ammonia chloride bath was 
performed. This after-treatment led to a signi?cant im 
provement in the adhesion of the interconnects to the 
substrate. 
The after-treatment with a suitable bath can also be 

utilized in the methods set forth in examples 2 through 
7. In utilizing the after-treatment with the steps and 
method of example 2, the after-treatment with ammonia 
chloride led to an adhesion of the interconnects of about 
1 N/nmz. 

EXAMPLE 9 

In this example, the steps and procedures of example 
I were followed, however, the activated carbon of the 
coating agent was replaced by conductive lampblack. 
Whereas irregularities in the interconnect structure can 
occur when activated carbon is utilized, when the grain 
is excessively large because of the electrically non-con 
ductive characteristic of the carbon, the conductivity 
continues to exist at this location as a result of the use of 
conductive lampblack; even though the conductivity is 
‘less than in the case of metals. The conductive lamp 
black thus does not replace the metal. Rather, it aug 
ments the function of the metals as nuclei for the follow 
ing, currentless metallization. 

EXAMPLE 10 

In this example, the steps and procedures of example 
1 were followed, but the activated carbon of the coating 
agent in example 1 was replaced by a plastic on an 
acrylate basis. 

EXAMPLE ll 

In this example, the steps and procedures of example 
1 were followed, however, the activated carbon of the 
coating agent was replaced by the plastic compound of 
the substrate. For example, given a substrate and carrier 
composed of polyetherimide, an extremely high adhe~ 
sion of the interconnects to the substrate was achieved. 
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EXAMPLE 12 

Following the steps and procedures of example 1, a 
powdery coating agent composed only of the carrier 
catalyst, i.e., of activated carbon and palladium, was 
used. This coating agent was strewn onto the substrate, 
and was anchored with a laser beam in accordance with 
the conductor pattern. The substrate and coating agent 
was then chemically and, as needed, galvanically cop~ 
per-plated. The soldering of the substrate was thereby 
improved. 

EXAMPLE 13 

In this example, the steps and procedures of example 
1 were followed, however, the coating agent was ?rst 
applied to a foil that served as an intermediate carrier. 
The foil was then placed onto the substrate, whereupon 
the conductor pattern was transferred onto the sub 
strate through the foil with a laser. 

EXAMPLE 14 

In this example, the steps and procedures of example 
1 were followed, but, the activated carbon of the coat 
ing agent was replaced by a plastic-bonded catalyst. 

EXAMPLE 15 

In this example, the steps and procedures of example 
14 were followed except a ground ion exchanger was 
used as a plastic-bonded catalyst, a palladium (salt) 
solution having been introduced thereinto and the palla 
dium having been subsequently chemically reduced to 
O-valent palladium. 

EXAMPLE 16 

In this example, the steps and procedures of example 
14 were followed, but, a ground expanded polymer 
having a large surface was used as a plastic-bonded 
catalyst, the palladium having been deposited thereon. 
The expanded polymer to be utilized can either be 
open-celled or closed-celled. 

EXAMPLE 17 

In this example, the steps and procedures of example 
14 were followed, but, a polymer-bonded palladium 
catalyst was used as a plastic-bonded catalyst. The pal 
ladium can be bonded chelate-like or salt-like, such as 
polyamines or polyacrylic acid, and can be reduced on 
the polymer to O-valent palladium. The resultant prod 
uct can still be subsequently soluble and can then be 
applied to the substrate as a solution. If the resultant 
product is insoluble, it can ?rst be ground and then be 
applied to the substrate. 

Sediment grinding can be utilized for grinding the 
plastics to form micron-sized particles given the utiliza 
tion of plastic-bonded catalysts. The polymers are then 
mixed with an inorganic salt. The polymers, due to 
electro-static charging, would adhere to one another if 
the salt was not present. The salt prevents the adhesion 
of the polymers to one another and is in turn dissolved 
out with water after the grinding. 

It should be noted that the anchoring of the conduc 
tor pattern on the substrate can be potentially enhanced 
through the use of heat. For example, given the employ 
ment of substrates composed of polyetherimide, such a 
tempering step performed after the galvanic copper 
plating increased the adhesion of the conductor pattern 
to the substrate by up to 50 percent. 
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It should be understood that various changes and 

modi?cations to the presently preferred embodiments 
described herein will be apparent to those skilled in the 
art. Such changes and modi?cations can be made with 
out departing from the spirit and scope of the present 
invention and without diminishing its attendant advan 
tages. It is thereby intended that such changes and mod 
i?cations be covered by the appended claims. 
We claim: 
1. A method for applying electrically conductive 

printed patterns to insulating substrates wherein a met 
al-containing coating agent is transferred onto a sub 
strate under the in?uence of energy radiation in a 
printed pattern to be produced and is chemically metal 
lized, the coating agent includes a non-metallic grainy 
carrier substance having metal of the oxidation degree 0 
applied thereto. 

2. The method of claim 1 wherein the carrier sub 
stance is constructed from a substance that has a struc 
ture that is ?ne-grained and surface-rich. 

3. The method of claim 1 wherein the carrier sub 
stance comprises grains having a size of less than ap 
proximately 8 microns. 

4. The method of claim 3 wherein the carrier sub 
stance comprises grains having a size greater than 1 
micron. 

5. The method of claim 1 wherein the carrier sub 
stance comprises grains having a size of between ap 
proximately 2 microns to about 4 microns. 

6. The method of claim 1 wherein the carrier sub 
stance includes at least one compound chosen from the 
group consisting of: activated carbon, conductive lamp 
black, calcium carbonate, diatomaceous earth, benton 
ite, kaolin, silica gel, aluminum oxide, titanium oxide 
and pumice stone. 

7. The method of claim 1 wherein the carrier is con 
structed from activated carbon. 

8. The method of claim 1 wherein the carrier is con 
structed from calcium carbonate. 

9. The method of claim 1 wherein the carrier is con 
structed from a plastic. 

10. The method of claim 9 wherein the plastic is on an 
acrylate basis. 

11. The method of claim 1 wherein the carrier sub 
stance is constructed from the same material as the 
substrate. 

12. The method of claim 1 wherein the coating agent 
comprises approximately 0.01 to about 10 weight per 
cent metal and approximately 90 to about 99.9 weight 
percent carrier substance. 

13. The method of claim 1 wherein the metal is 
chosen from the group consisting of the precious met 
als. 

14. The method of claim 13 wherein the metal is 
palladium. 

15. The method of claim 13 wherein the metal is 
platinum. 

16. The method of claim 1 wherein the metal is a 
precious metal alloy. 

17. The method of claim 16 wherein the metal is a 
precious metal alloy with a non-precious metal chosen 
from the group consisting of lead, zinc, nickel, tin, and 
copper. 

18. The method of claim 1 wherein the coating agent 
contains at least one bonding agent. 

19. The method of claim 18 wherein the coating agent 
includes at least one bonding agent chosen from the 
group consisting of polyamides, polyimides, colo 
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phonium resins, hydrocarbon resins, ketone resins, and 
polyvinylether. 

20. The method of claim 18 wherein the bonding 
agent includes at least one compound chosen from the 
group consisting of maleic resin and polyvinyl butyral. 

21. The method of claim 18 wherein the bonding 
agent is a hot-melt adhesive. 

22. The method of claim 18 wherein the carrier sub= 
stance is saturated with the bonding agent 

23. The method of claim 1 wherein the coating agent 
includes at least one solvent. 

24. The method of claim 23 wherein the coating agent 
includes at least one organic solvent. 

25. The method of claim 24 wherein the organic 
solvent is chosen from the group consisting of alcohols, 
esters, ketones, and hydrocarbons both aliphates and 
aromatics. 

26. The method of claim 23 wherein the coating agent 
includes at least one thixotroping agent. 

27. The method of claim 1 wherein the coating agent 
is applied to the substrate in a layer thickness of be“ 
tween approximately 4 microns to about 5 microns. 

28. The method of claim 23 wherein the coating agent 
is applied to the substrate by emersion. 

29. The method of claim 23 wherein printing ink is 
applied to the substrate by spraying. 

30. The method of claim 1 wherein the coating agent 
is anchored to the substrate by use of an energy beam 
de?ectable in accord with a printed pattern to be gener 
ated. 

31. The method of claim 30 wherein a laser beam is 
employed as an energy beam. 

32. The method of claim 31 wherein the laser beam is 
generated with a C0; laser. 

33. The method of claim 32 wherein the C0; laser is 
operated with a mean power of between approximately 
0.5 watts to about 8 watts. 

34. The method of claim 31 wherein the laser beam is 
generated with a Nd-YAG laser. 

35. The method of claim 34 wherein the Nd-YAG 
laser is operated with a mean power of between approx 
imately 0.2 watts to about 50 watts. 

36. The method of claim 31 wherein the laser beam is 
focussed such that its diameter at the surface of the 
substrate lies between approximately 50 microns to 
about 400 microns. 

37. The method of claim 1 wherein after the transfer 
of a printed pattern excess coating agent is removed 
from the surface of the substrate. 

38. The method of claim 37 wherein the excess coat 
ing agent is removed with the assistance of a cleaning 
?uid. 

39. The method of claim 38 wherein an organic sol 
vent is used as the cleaning ?uid. 

40. The method of claim 38 wherein the excess coat 
ing agent is removed in an ultrasound bath. 

41. The method of claim 39 wherein isobutylme 
thylketone is used as the cleaning ?uid. 

42. The method of claim 40 wherein after the removal 
of the excess coating agent, the anchoring of the printed 
pattern on the substrate is enhanced by applying heat to 
the printed pattern and substrate. 

43. The method of claim 42 wherein the heat is gener 
ated by microwaves. 

44. The method of claim 37 wherein after the removal 
of the excess coating agent, the anchoring of the printed 
pattern on the substrate is enhanced via a chemical 
after-treatment. 
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45. The method of claim 44 wherein the chemical 

after-treatment is performed in an ammonia chloride 
bath. 

46. The method of claim 1 wherein a printed pattern 

transferred onto the substrate is completely built-up by 
chemical metal deposition. 

47. The method of claim 1 wherein a printed pattern 
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12 
transferred onto the substrate is built-up by chemical 
and subsequent galvanic metal deposition. 

48. The method of claim 46 wherein the printed pat— 
tern transferred onto the substrate is built-up by the 
deposition of copper. 

49. The method of claim 47 wherein the printed pat 
tern transferred onto the substrate is built-up by the 
deposition of copper. 
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